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ABSTRACT 
 
 "Darwin wasn't just provocative in saying that we descend from the apes—he 
didn't go far enough, we are apes in every way, from our long arms and tailless bodies 
to our habits and temperament." said Frans de Waal, a primate scientist at Emory 
University in Atlanta, Georgia. 1.3 million Species have been named and analyzed by 
scientists. This project focuses on capturing various nucleotide sequences of various 
species and determining the similarity and differences between them. Finite state 
automata have been used to accomplish this. The automata for a DNA genome is 
created using Alergia algorithm and is used as the foundation for comparing it to the 
other species DNA sequences. 
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1. Introduction 
 DNA, or deoxyribonucleic acid, is the hereditary material in humans and almost 
all other organisms. Almost all the cells in a human body have the same DNA. Most DNA 
is found in the cell nucleus (where it is called nuclear DNA) however a small amount of 
DNA can also be discovered in the mitochondria (where it is called mitochondrial DNA or 
mtDNA). DNA molecules are double-stranded helices, consisting of two 
long biopolymers made of simpler units called nucleotides. DNA nucleobase contains 4 
chemical bases: Adenine (A), Guanine (G), Cytosine (C) and Thymine (T) [15].  
RNA or ribonucleic acid is an important molecule with long chains of nucleotides. A RNA 
nucleotide contains a nitrogenous base, a ribose sugar, and a phosphate [15]. RNA, just 
like DNA, is equally important for living beings. RNA is usually single stranded unlike 
DNA which is double stranded. RNA nucleobase is made up of 4 chemical bases: Adenine 
(A), Guanine (G), Cytosine (C) and Uracil (U) [2]. 
DNA chemical bases pair up with each other, A with T and C with G, forming units called 
base pairs. A sugar molecule and a phosphate molecule are attached to each base. DNA 
in humans contains around 3 billion bases and these are similar in two people for about 
99% of the total bases. These bases are sequenced differently for different information 
that needs to be transmitted [15]. This is similar to the way that different sequences of 
letters form words and sequences of words form sentences. 
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The study of abstract machines and the computational difficulties that can be resolved 
using these abstract machines is called automata. Automata theory is closely related 
to formal language theory, as the automata are often classified by the class of formal 
languages they are able to recognize. A finite representation of a formal language that 
may be an infinite set can be automata [1]. 
Automata theory has been used to analyze the pattern of text data to find the writer 
and find the similarity and differences between him and others [5].  In biology, 
automata theory has been of vital importance. DNA nucleotide genomes have been 
symbolized using Cellular automata [13]. Hence, the study of DNA nucleobase pairs can 
be achieved using the automata theory. 
A human DNA has approximately three billion base pairs. Searching a single gene from 
these vast base pairs that contribute to the human genome is known as DNA 
sequencing. In late 1970’s, primary technique for DNA sequencing was established 
however scientist could sequence very few base pairs. 
An enormous volume of information can be captured from one million bases or more. 
Matching the dissimilarity between the vast DNA sequences can help in understanding 
evolution, adaptation and immunity. The Human Genome Project (HGP) was dedicated 
to evolving innovative and improved tools to obtain gene economically, more rapidly 
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and practical for scientists to achieve. Its popular sequencing of the human genome has 
provided scientists with a fundamental design of the human being [12].  
In this project, we will create the automata of the DNA nucleotide sequence by 
appropriately representing the base pair sequences in the form of numerical symbols. 
We will further create a PTA (Prefix Tree Acceptor) to compare the sequence with 
various other species.  
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2. DNA Sequencing 
A segment of DNA that is transferred from parents to children is known as gene. They 
are systematized and wrapped in components called chromosomes. Humans have 23 
pairs of chromosomes which makes them different from other creatures. A gene also 
codes for a single protein molecule also known as polypeptide which is also used for 
protein synthesis. It comprises of two steps: Transcription and Translation [9]. 
Transcription: The sequence of one gene is replicated in an RNA molecule [15].  
 
 
                                                           Figure 1: Process of Transcription [17] 
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Translation: The RNA molecule acts as a cypher for the formation of an amino-acid chain 
(a polypeptide) [15]. 
 
 
Figure 2: Process of Translation [17] 
 
Translation of DNA to RNA into a sequence of amino acids marks the beginning of 
protein synthesis [9][15]. The main structure of protein is a thorough sequence of amino 
acids in a polypeptide string. A set of 20 naturally occurring amino acids exists today. 
Asparagine was discovered in 1806 followed by Cysteine, Leucine and Glucine [9].  
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Types of Amino Acids: 
 
                                                          Table 1: List of Amino acids [2]  
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Amino acids are categorized into four major sets based on the properties of the "R" 
group in each amino acid. The types of amino acids are namely polar, nonpolar, 
positively charged, or negatively charged [9]. Polar amino acids have "R" groups that are 
hydrophilic, which hunt for contact with aqueous solutions. Nonpolar amino acids are 
the opposite of hydrophilic; they avoid contact with liquid [10]. 
 
 
 
Figure 3: Amino Acids Chart [2] 
 
 
There are 8 different types of essential amino acids:  isoleucine, leucine, 
lysine, methionine, phenylalanine, threonine, tryptophan and valine. The remaining 12 
are non-essential amino acids [10]. Essential amino acids perform various functions in 
your body including supervising insulin and maintaining healthy hair, skin, and nails. 
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They act as the elementary building blocks of the human body. Deficiency in amino acids 
can lead to lower energy levels. It could also slower the rate of metabolism and cause 
skin and hair loss, indigestion, insomnia, stress etc. Obesity can be avoided by getting all 
the required amino acid, which in turn can help in throwing waste away from the 
bloodstream. 
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3. Understanding Automata 
In this section, we will understand the use of Finite Automata for representing DNA 
genomes [1] [3]. 
3.1. Finite automaton ‘A’ is defined as follows: 
                            A=(S, P, i, δ, T), where 
 S: is a finite set known as set of states  
 P: finite input alphabet 
                            P = {A, C, G, T} or {A, C, G, U} 
 i: fixed element of A called as initial state  
 δ: is a function: 
                            δ: S x A → S  
It is known as the transition function. 
 T: is a subset of S known as terminal state. 
 
3.2. Non-Deterministic Finite Automata: 
Non-deterministic finite automata can be in various states at a single instance of 
time [14]. Transition from one state on an input can be to any set of states. 
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DFA vs NFA [14] 
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4. Alergia Algorithm 
Our main focus is on an algorithm that can encode the strategy for understanding the 
DNA sequences. This algorithm belongs to the family of functions that can be 
determined as Stochastic Finite State Transducer (SFST) [16][18]. Stochastic Moore 
machine is nothing but the probabilistic distribution of symbols. 
We will use Alergia algorithm for our DNA recognition which is discussed as follows. 
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There are 4 major groups of amino acids: Polar, Non polar, positively charged and 
negatively charged. To build automata we have to convert these to numerical. 
Hence, we will enumerate them in the following way: 
 
NonPolar-0 
 
Glycine (G) – GGU, GGC, GGA, GGG; 
Alanine (A) – GCU, GCC, GCA, GCG; 
Valine (V) – GUU, GUC, GUA, GUG; 
Leucine (L) – CUU, CUC, CUA, CUG, UUA, UUG; 
Isoleucine (I) – AUU, AUC, AUA; 
Proline (P) – CCU, CCC, CCA, CCG; 
Methionine (M) – AUG; 
Phenylalanine (F) – UUU, UUC; 
Tryptophan (W) – UGG 
 
Polar-1 
Serine (S) – UCU, UCC, UCA, UCG; 
Threonine (T) – ACU, ACC, ACA, ACG; 
Cysteine (C) – UGU, UGC; 
Asparagine (N) – GAU, GAC; 
Glutamine (Q) – CAA, CAG; 
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Tyrosine (Y) – UAU, UAC 
Polar Acidic-2 
Aspartic Acid (D) – GAU, GAC; 
Glutamic Acid (E) – GAA, GAG 
Polar Basic-3 
 
Lysine (K) – AAA, AAG; 
Arginine (R) – CGU, CHC, CGA, CGG, AGA, AGG; 
Histidine (H) – CAU, CAC 
Figure 3 shows that UAA, UAG and UGA are stop codons. We will group them in the final 
stage as 4. 
Stop Codons-4 
UAA, 
UAG, 
UGA 
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5. Creating SFA using Algorithm Alergia 
Let us assume there are ‘n’ strings, S={s₀, s₁, s₂, s₃, …sn} and si =a1a2a3…ai. 
Once the SFA is build, we start merging the states [16]. Two states can be merged when 
they are compatible i.e. they have equal transition probabilities for every input a ∈ A 
and the end nodes must be same as well. 
qi ≡ qj ⇒ ∀a ∈ A, where pi(a) = pj(a) and δi(a) ≡ δj(a) 
It’s very difficult to find equal frequencies hence states are accepted to be same if 
they fall under a confidence range. 
Given the probability p and frequency n for n values, a confidence range can be 
defined as: 
 
The probabilities are calculated and these values of vital importance for the process of 
merging. Algorithm Alergia will reject the states if these values are greater than the 
confidence range. 
 
The above equation helps in merging the compatible states. After merging all the 
compatible states, we get a SFA [16] which is an estimate of the initial one. 
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A DNA nucleotide sequence can be represented in the form of numerical depending on 
the 4 groups of amino acids discussed in Chapter 4 as follows: 
Sequence 1: AUG AGA CCA GCG AGG ACA CCU GAU GAA UGA 
Input 1:            0        3      0       0      3       1      0       2       2       4 
Sequence 2: AUG CUC CAU CAA UGG GAC AAA UUU UUC UGG  
Input 2:            0      0      3       1       0       2      3       0        0       0 
 
 
Sequence 3: AUG AUC ACC UGU GAU AAG GUU AUU CCU CAU  
Input 3:            0      1       1      1       2       3       0       0       0      3  
Sequence 4: AUG UCU GAG GAC GAA CGU UCU UGG GAU AAA 
Input 4:            0       1       2       2      2       3       1       1       2      3  
Sequence 5: AUG CCU CAU GAU AAG AUC UGU CAU GUU ACC 
Input 5:            0       0      3       1      3       1       1       3       0      1 
Sequence 6: AUG AUU CCC UAU GAU GAG AAG GAC AAA UCU 
Input 6:           0       0       0       1       2       2      3       2       3      1       
Sequence 7:  AUG CAU UAU GAU CAU GAC AAA CCU AUC GAU 
Input 7:             0      3        1       1      3       2      3      0       1       2 
Sequence 8: AUG CCU GAU AUU UGU CAU GUU GAG UAU ACC 
Input 8:            0       0      1        0        1      3       0      2       1      1 
Sequence 9: AUG GAU AAG GAA AAA UCA GAC CUU CCC CAU 
Input 9:            0       1      3       2       3      1       1       0      0      3 
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Sequence 10: AUG AAA AAG GAU UGU CAA GAU AUC GAG CAC 
Input 10:           0        3      3       2       1       1       2      0       2      3 
 
Above are a few examples of DNA sequences being represented numerically. Once this 
is done we can now use Algorithm Alergia to build a prefix tree acceptor (PTA) [3][16]. 
The algorithm then merges all the compatible states in PTA and creates stochastic finite 
automata [16][17][18]. This automaton is an estimate of the initial one. 
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6. DNA samples of living organisms 
There are approximately 8.7 million species of species on our planet out of which 6.5 
million are from land and the remaining from the seas [8]. 
 
 
Figure 4: Total Number of Species on Earth [8] 
 
As shown in the above figure, only 1.8 million species have been categorized and known 
to mankind. This clearly states that around 75-90% of them are yet to be discovered. 
 
 
Figure 5: Relative Number of Named Species [7] 
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The above chart shows that there are approximately 12% of invertebrates such as 
arthropod, mollusk, annelid, coelenterate etc. Vertebrates, categorized by the existence 
of spinal cord, include mammals (human beings), birds, reptiles, amphibians etc. Our 
percentage is the lowest amongst all [7]. 
 
Our goal is to find the similarity between different species. Below are samples of DNA 
sequences [15][19] of some species: 
 
DNA nucleotide sequence for Homo sapiens (Human) [19]: 
 
 
Figure 6: DNA sequence of Human [19] 
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DNA nucleotide sequence for Chimpanzee [19]: 
 
 
 Figure 7: DNA sequence of Chimpanzee [19] 
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DNA nucleotide sequence for Monkey [19]: 
 
 
Figure 8: DNA sequence of Monkey [19] 
 
DNA nucleotide sequence for Mus Musculus (House Mouse)[19]: 
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DNA nucleotide sequence for Banana [19]: 
 
 
Figure 10: DNA sequence of Banana [19] 
 
 
 
DNA nucleotide sequence for Weed [19]: 
 
 
Figure 11: DNA sequence of Weed [19] 
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DNA nucleotide sequence for Drosophila Melanogaster (Fruit Fly) [19]: 
 
 
Figure 12: DNA sequence of Drosophila Melanogaster [19] 
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DNA nucleotide sequence for Oryza sativa (Rice) [19]: 
 
 
Figure 13: DNA sequence of Oryza sativa (Rice) [19] 
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DNA nucleotide sequence for Agaricus bisporus(Mushrooms) [19]: 
 
Figure 14: DNA sequence of Agaricus bisporus(Mushroom) [19] 
 
DNA nucleotide sequence for Felis Catus (Cat) [19]: 
 
 
Figure 15: DNA sequence of Felis Catus (Cat) [19] 
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7. Test Results 
 
Comparison of Human, Chimpanzee and Banana 
 
 Alpha  Human  Chimp Banana 
1 0.10     99.981 99.949 89.933 
2 0.20 99.979 97.816 87.154 
3 0.30 99.978 95.342 81.706 
4 0.40 99.975 94.721 74.585 
5 0.50 99.972 92.808 70.633 
6 0.60 99.971 90.368 63.707 
7 0.70 99.965 89.886 59.961 
8 0.80 99.962 88.386 54.822 
9 0.90 99.955 86.371 52.666 
10 1.00 99.951 84.731 49.595 
 
            Table 2: Comparison of Human, Chimpanzee and Banana DNA 
 
The above table shows that the DNA of chimpanzee has 84% similarity with Human DNA 
and DNA of banana is 49% similar to human DNA. 
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Comparing Human, Chimpanzee and Mouse 
 
 Alpha  Human  Chimp Mouse 
1 0.10     99.981 99.949 97.933 
2 0.20 99.979 97.816 97.154 
3 0.30 99.978 95.342 96.706 
4 0.40 99.975 94.721 94.585 
5 0.50 99.972 92.808 93.633 
6 0.60 99.971 90.368 92.707 
7 0.70 99.965 89.886 91.961 
8 0.80 99.962 88.386 89.822 
9 0.90 99.955 86.371 82.666 
10 1.00 99.951 84.731 81.595 
 
                    Table 3: Comparison of Human, Chimpanzee and Mouse DNA 
 
The above table shows that the DNA of chimpanzee has 84% similarity with Human DNA 
and DNA of banana is 81% similar to Mouse DNA. 
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Comparing Human, Monkey and Fruit Fly 
 
 Alpha  Human  Monkey Fruit Fly 
1 0.10     99.981 99.941 79.103 
2 0.20 99.979 97.814 72.974 
3 0.30 99.978 95.360 66.286 
4 0.40 99.975 94.722 64.605 
5 0.50 99.972 92.800 61.993 
6 0.60 99.971 90.363 57.127 
7 0.70 99.965 89.898 53.581 
8 0.80 99.962 88.545 49.232 
9 0.90 99.955 86.371 46.116 
10 1.00 99.951 84.931 44.685 
 
                      Table 4: Comparison of Human, Monkey and Fruit Fly DNA 
 
The above table shows that the DNA of monkey has 84% similarity with Human DNA and 
DNA of Fruit Fly is 44% similar to human DNA. 
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Comparing Human, Dog and E. Coli (bacteria) 
 
 Alpha  Human  Dog E. Coli 
1 0.10     99.981 97.923 39.202    
2 0.20 99.979 94.701 32.346 
3 0.30 99.978 92.456 29.282 
4 0.40 99.975 89.980 22.167 
5 0.50 99.972 86.976 17.593 
6 0.60 99.971 85.049 12.152 
7 0.70 99.965 83.728 09.361 
8 0.80 99.962 82.983 07.991 
9 0.90 99.955 80.624 05.668 
10 1.00 99.951 77.828 03.120 
 
           Table 5: Comparison of Human, Dog and E. Coli DNA 
 
 
The above table shows that the DNA of Dog has 77% similarity with Human DNA and 
DNA of E. Coli is 3% similar to human DNA. 
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Comparing Human, Mouse and Yeast 
 
 Alpha  Human  Mouse Yeast 
1 0.10     99.981 99.191 58.111 
2 0.20 99.979 97.664 52.912 
3 0.30 99.978 95.850 49.282 
4 0.40 99.975 94.102 46.629 
5 0.50 99.972 92.810 41.908 
6 0.60 99.971 90.303 37.133 
7 0.70 99.965 89.678 34.592 
8 0.80 99.962 88.685 31.225 
9 0.90 99.955 87.371 29.193 
10 1.00 99.951 86.931 27.662 
 
                            Table 6: Comparison of Human, Mouse and Yeast DNA 
 
The above table shows that the DNA of Mouse has 86% similarity with Human DNA and 
DNA of Yeast is 27% similar to human DNA. 
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Comparing Human, Fruit fly and Weed 
 
 Alpha  Human  Fruit Fly Weed 
1 0.10     99.981 78.717 58.125 
2 0.20 99.979 71.285 52.936 
3 0.30 99.978 67.453 49.222 
4 0.40 99.975 64.636 46.695 
5 0.50 99.972 62.125 42.901 
6 0.60 99.971 59.984 33.198 
7 0.70 99.965 55.920 29.598 
8 0.80 99.962 52.615 25.233 
9 0.90 99.955 48.331 22.180 
10 1.00 99.951 44.231 18.690 
 
                        Table 7: Comparison of Human, Fruit Fly and Weed DNA 
 
 
The above table shows that the DNA of Fruit Fly has 44% similarity with Human DNA and 
DNA of Weed is 18% similar to human DNA. 
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Comparing Human, Cat and Cow 
 
 Alpha  Human  Cat Cow 
1 0.10     99.981 98.717 97.989 
2 0.20 99.979 98.219 96.026 
3 0.30 99.978 95.420 94.894 
4 0.40 99.975 93.685 92.695 
5 0.50 99.972 91.133 89.430 
6 0.60 99.971 89.993 88.925 
7 0.70 99.965 88.913 86.686 
8 0.80 99.962 86.215 82.135 
9 0.90 99.955 85.931 79.248 
10 1.00 99.951 84.231 76.666 
 
                               Table 8: Comparison of Human, Cat and Cow DNA 
 
The above table shows that the DNA of Cat has 84% similarity with Human DNA and 
DNA of Cow is 76% similar to human DNA. 
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Comparing Human, Dog and Mushroom 
 
 Alpha  Human  Dog Mushroom 
1 0.10     99.981 97.923 89.471 
2 0.20 99.979 94.701 82.895 
3 0.30 99.978 92.456 79.346 
4 0.40 99.975 89.980 77.908 
5 0.50 99.972 86.976 69.786 
6 0.60 99.971 82.049 66.012 
7 0.70 99.965 78.728 61.623 
8 0.80 99.962 76.983 54.979 
9 0.90 99.955 75.624 49.801 
10 1.00 99.951 77.828 42.213 
 
                           Table 9: Comparison of Human, Dog and Mushroom DNA 
 
The above table shows that the DNA of Dog has 77% similarity with Human DNA and 
DNA of Mushroom is 42% similar to human DNA. 
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Comparing Human, Dog and Rice 
 
 Alpha  Human  Dog Rice 
1 0.10     99.981 97.923 58.309    
2 0.20 99.979 94.701 46.786 
3 0.30 99.978 92.456 41.523 
4 0.40 99.975 89.980 37.960 
5 0.50 99.972 86.976 33.986 
6 0.60 99.971 82.049 29.112 
7 0.70 99.965 78.728 25.011 
8 0.80 99.962 76.983 22.951 
9 0.90 99.955 75.624 18.208 
10 1.00 99.951 74.828 15.420 
 
                              Table 10: Comparison of Human, Dog and Rice DNA 
 
The above table shows that the DNA of Dog has 74% similarity with Human DNA and 
DNA of Rice is 15% similar to human DNA. 
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Comparing Human, Cow and E. Coli(bacteria) 
 
 Alpha  Human  Cow E. Coli  
1 0.10     99.981 97.130 39.202    
2 0.20 99.979 94.195 32.346 
3 0.30 99.978 92.222 29.282 
4 0.40 99.975 89.900 22.167 
5 0.50 99.972 86.928 17.593 
6 0.60 99.971 82.022 12.152 
7 0.70 99.965 81.123 09.361 
8 0.80 99.962 79.646 07.991 
9 0.90 99.955 77.186 05.668 
10 1.00 99.951 76.925 03.120 
 
                           Table 11: Comparison of Human, Cow and E. Coli DNA 
 
The above table shows that the DNA of Cow has 76% similarity with Human DNA and 
DNA of E. Coli is 3% similar to human DNA. 
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Following is a table which shows the similarity between different species. For example, 
the Human and Chimps are 87% similar (84% according to our test result), Dog and 
Mouse are 82% similar (87% according to our test result). The results below are almost 
in accordance with the tests we have conducted. 
 
 
Homologs Human Chimp Dog Mouse Rat Fruit Fly 
Human -- 29529 
87% 
84% 
27761 
81% 
77% 
26830 
79% 
81% 
23860 
70% 
73% 
13276 
39% 
44% 
Chimp 18898 
87% 
84% 
-- 16865 
78% 
71% 
 
16194 
75% 
79% 
14283 
66% 
68% 
7673 
35% 
38% 
Dog 28144 
82% 
77% 
27139 
89% 
82% 
-- 26740 
88% 
91% 
23816 
78% 
74% 
22771 
75% 
69% 
Mouse 16384 
83% 
81% 
15674 
82% 
78% 
16066 
84% 
87% 
-- 14067 
74% 
76% 
7887 
41% 
45% 
Rat 12409 
70% 
73% 
 
11907 
90% 
92% 
12184 
92% 
89% 
12420 
94% 
91% 
-- 6592 
50% 
49% 
 
Table: Homologous gene Summary Chart [21] 
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8. Future Work 
Although 1.8 million species are discovered today, all their DNA nucleotides are not 
easily accessible to study the differences and the similarities between these organisms.  
Also, DNA can be represented in 3D structures [12][20] depending on the behavioral 
patterns of proteins in the amino acids. This can be achieved in future research. 
 
9. Conclusion 
Pattern recognition of sequential symbolic data using automata theory was proposed in 
2005 by Dr. Lin [1] and is being researched since then by him and his students. His 
student, Nikhil Kalantri has proposed an approach for author identification using the 
Alergia algorithm for pattern recognition.  
In this project, two or more species can be compared on the basis of their DNA genome. 
The nucleotide sequences help us understand and learn the theory of life and the 
evolution of living organisms by comparing two species or by comparing the two 
organisms of the same species. For mathematical results, theory of automata proves to 
be vital importance. A PTA formed by the use of Alergia helps us understand the DNA 
genome in a better way. 
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